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Abstract

Background: Although the immunologic effects of en-
dogenous and synthetic estrogens are well studied, few
studies have examined the hormonal effects of phytoe-
strogens (i.e., plant-derived estrogens) on the immune
system. The primary goal of this study was to compare
the effects of perinatal exposure with life-long exposure to
genistein, an estrogenic compound in soy, on the endocrine
and immune system in adulthood.
Materials and Methods: Pregnant female rats were ex-
posed to no, low (5 mg/kg diet), or high (300 mg/kg diet)
genistein diets throughout gestation and lactation. At
weaning, male offspring exposed to genistein perinatally
were either switched to the genistein-free diet or remained
on the genistein-dosed diets. At 70 days of age, immune
organ masses, lymphocyte subpopulations, cytokine con-
centrations, and testosterone concentrations were assessed
in male offspring.
Results: Data were analyzed based on the diets that
males were exposed to during gestation and lactation be-
cause life-long exposure to genistein had no additional
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effect on any of the dependent measures. Relative thy-
mus masses were greater among males exposed to the
high genistein diet than among males exposed to no
genistein. Although the proportions of splenic and
thymic CD4� T cells were not altered by genistein, the
percentages of CD4�CD8� thymocytes, CD8� spleno-
cytes, and total T cells in the spleen were higher and
the percentages of CD4�CD8� thymocytes were lower
among males exposed to genistein than among males not
exposed to genistein. Synthesis of interferon-� (IFN-�)
was marginally higher and testosterone concentrations
were lower among genistein-exposed than genistein-
free males.
Discussion: These data illustrate that exposure to genis-
tein during pregnancy and lactation exerts long-lasting
effects on the endocrine and immune systems in adult-
hood. Whether exposure to phytoestrogens during early
development affects responses to infectious or autoim-
mune diseases, as well as cancers, later in life requires
investigation.

Introduction
Sex steroid hormones affect the immune system
and susceptibility to disease (1). Generally, in
nonpregnant animals, estrogens enhance immune
function, reduce susceptibility to infectious dis-
eases, and increase susceptibility to autoimmune
diseases (1–3). Although estrogens can enhance
both cell-mediated and humoral immune re-
sponses, there are reports of estrogens suppress-
ing some cell-mediated immune responses (4,5).
Exposure of human natural killer (NK) cells to
17�-estradiol in vitro enhances NK cytotoxicity
(6). Estrogens stimulate synthesis of proinflam-
matory cytokines (e.g., interleukin 1 (IL-1) and 
IL-6) suggesting that they are potent activators of

macrophages (2). Estrogens also affect the tran-
scription and synthesis of helper T-cell type 1
(Th1)-related (e.g., interferon-� [IFN-�] and IL-2)
and Th2-related (e.g., IL-4, IL-5, and IL-10) cy-
tokines (1–3,7). In contrast, androgens suppress
several aspects of immune function and increase
susceptibility to infection in males (1–3). For ex-
ample, androgens can inhibit the production of
proinflammatory cytokines by macrophages, re-
duce antibody production by B cells, and lower the
numbers of CD4� and CD8� T cells in tissue and
circulation (3). Although the effects of estrogens in
females are well studied, there are few reports of
the effects of estrogen exposure on immune func-
tion in males (7). Estrogen receptor-� (ER�) and
ER� have been identified throughout the immune
system and androgens can be aromatized intracel-
lularly into estrogens in males (8,9).

In addition to exposure to endogenous hor-
mones, both humans and nonhuman animals are
exposed to estrogenic chemicals in the environment
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(10,11). These compounds, of both natural and
synthetic origin, can either mimic or block the effects
of endogenous hormones and are hypothesized to
affect physiology and behavior (11–13). These chem-
icals bind to sex steroid receptors, but with a lower
affinity than endogenous steroid hormones (14). In
addition to effects on ligand receptors, estrogenic
chemicals affect several intracellular molecules, in-
cluding tyrosine kinase and glucose, indicating that
environmental estrogens may exert their effects
through cell signaling pathways (15,16).

To date, most studies have focused on the effects
of estrogenic pesticides and toxic substances on im-
mune function (17–19); less attention has been paid
to the effects of naturally occurring phytoestrogens
on the immune system (20–22). With the increase in
human consumption of phytoestrogens (e.g., via soy
supplements, food products, and infant formulas),
studies that address the physiologic consequences
of phytoestrogen exposure are required (23). The
effects of phytoestrogen exposure may vary depend-
ing on when during ontogeny exposure occurs (11).
In vertebrates, sex steroid hormones affect sex-
specific differentiation at two distinct times during
development (24). During perinatal development
(i.e., during gestation and lactation in rodents), sex
steroids cause permanent changes in the develop-
ment of the brain and peripheral organs, such as the
gonads and thymus gland (organizational effects).
After puberty, exposure to sex steroids transiently
activates preexisting hormonal targets (activational
effects).

Studies examining the effects of phytoestro-
gens, such as genistein (the estrogenic compound in
soy), on the immune system typically expose ani-
mals to genistein after the critical period of sex dif-
ferentiation. These studies reveal that exposure to
genistein at puberty or during adulthood can affect
the immune system. For example, adult exposure of
intact female mice to the phytoestrogen genistein
increases the development of pre-B cells in bone
marrow, cytotoxic T-cell activity, NK cell activity,
and lymphocyte proliferation in the spleen, and re-
duces tumor development (25,26). In contrast, both
adult and pubertal exposure of gonadectomized
male and female mice to genistein reduces thymus
size, lowers CD4�CD8� numbers in the thymus, in-
creases thymocyte apoptosis, and decreases anti-
body responses against an innocuous antigen (22).
The organizational effects of perinatal exposure to
phytoestrogens on the immune system have not
been reported.

Studies of the effects of phytoestrogens on repro-
duction illustrate that endocrine disrupting chemi-
cals can have both organizational and activational ef-
fects in adulthood (27–29). Therefore, we designed
our study to determine whether the effects of genis-
tein on the immune and endocrine systems required
exposure from gestation through adulthood (organi-
zational and activational hypothesis) or if exposure

during perinatal development was sufficient to alter
endocrine and immune responses in adulthood (or-
ganizational hypothesis alone). Because the perina-
tal hormonal milieu is critical for normal physio-
logic development, we hypothesized that exposure
to genistein solely during pregnancy and lactation
may cause lasting immunologic alterations in adult
male offspring. Perinatal exposure to estrogens en-
hances immune function in adult animals (7,24);
therefore, we speculated that exposure to genistein
during gestation and lactation may increase im-
mune responses in adult males. Because perinatal
exposure to phytoestrogens reduces testosterone
concentrations in males (30), we hypothesized that
the immunoenhancing effects of genistein may 
indirectly be caused by reductions in testosterone
concentrations.

Materials and Methods
Animals

Adult (70–80 days of age) male (n � 12) and female
(n � 12) Long Evans rats (Rattus norvegicus) were pur-
chased from Charles River Laboratories (Raleigh,
NC, USA) and housed individually in polypropy-
lene cages. Animals were maintained on a constant
LD 14:10 cycle with lights on at 0600 hr EST. Food
and water were available ad libitum. The Johns
Hopkins Animal Care and Use Committee (protocol
# RA01M227) approved all procedures described in
this manuscript.

Procedure

Female rats were fed an irradiated soy- and alfalfa-
free diet (5K96, Purina Mills, St. Louis, MO, USA)
that was supplemented with a high dose of genis-
tein (300 mg/kg feed), a low dose of genistein
(5 mg/kg feed), or no genistein. These doses were
based on previous studies that have examined the
effects of genistein exposure during prenatal and
early postnatal life on reproductive physiology and
behavior (27–29). Genistein (Indofine Chemical
Co., Somerville, NJ, USA) was mixed into the
standard 5K96 feed by Purina Test Diets (Purina
Mills). Genistein was selected as the endocrine-
disrupting agent because it is the primary estrogenic
isoflavonoid found in soy products, is structurally
similar to endogenous estradiol, and binds to the
ER, primarily ER�, with relatively high affinity as
compared with other estrogenic agents (14,31).

After 2 weeks on the specified diet, female rats
were bred in the laboratory and gestational day 1
was based on the presence of a sperm plug. Fe-
males remained on the 5K96 diet supplemented
with a high dose of genistein, a low dose of genis-
tein, or no genistein through weaning (postnatal
day [PND] 21). The daily mean consumption of genis-
tein was recorded for each female. At PND 21, litters
were culled and all male offspring were weaned and
housed with same-sex siblings (n � 3 per cage). At
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For FACS analysis, 40,000 events were collected on
a FACScan (Becton Dickinson) and analyzed using
CELLQuest software (Becton Dickinson).

Cytokine Measurement

Viable cells from the spleen and thymus were
adjusted to 5 � 106 cells/ml by dilution with cul-
ture medium (RPMI-1640/HEPES supplemented
with 1% penicillin [5000 U/ml]/streptomycin
[5000 �g/ml], 1% L-glutamine [2 mM/ml], 0.1% 
2-mercaptoethanol [5 � 10�2 M/ml], and 10%
heat-inactivated fetal bovine serum) and were
added to the wells of round-bottom 96-well tissue
culture plates. Concanavalin A (Sigma) was added
at final concentrations of 0.5 �g/well for IFN-� and
3 �g/well for IL-4. Plates were incubated at 37 �C
with 5% CO2 for 48 hr to assess IL-4 production
and 72 hr for IFN-� production. Mitogen concen-
trations and incubation times were based on previ-
ous data (35). At the end of the incubation, cell su-
pernatant was removed from each well and stored at
�80 �C. IL-4 and IFN-� concentrations were assayed
by enzyme-linked immunosorbent assay using the
manufacturer’s protocols for the OptEIA IL-4 and
IFN-� kits (BD Pharmingen).

Radioimmunoassays

Plasma testosterone concentrations were assayed by
radioimmunoassays (RIA) using the manufacturer’s
protocol (ICN Biochemicals, Inc., Carson, CA, USA).
The testosterone assay is also highly specific; cross-
reaction with other steroids is �0.1%. Testosterone
values were also determined in a single RIA, with a
4.4% intra-assay coefficient of variation.

Statistical Analyses

Despite our initial hypothesis (the organizational
and activational hypothesis), animals exposed to
genistein from gestation through adulthood did not
differ from males exposed to genistein only during
gestation and lactation on any of the dependent
measures (p � 0.05). Because post-weaning diet
changes (switching males from low or high genis-
tein diets to genistein-free diets after weaning) did
not affect immune or endocrine responses in adult-
hood, subsequent analyses were performed by col-
lapsing across post-weaning treatment and compar-
ing animals based on the perinatal diet (no, low, or
high genistein exposure). Relative organ masses
were calculated by dividing the organ mass by the
body mass of each animal. Relative organ masses,
lymphocyte subpopulations, cytokine responses,
and hormone concentrations were analyzed with
one-way ANOVAs. Significant outcomes were fur-
ther analyzed using the Tukey method for pairwise
multiple comparisons. Correlations were performed
using Pearson’s product-moment analyses. Differ-
ences among groups were considered statistically
significant if p � 0.05.

weaning, half of the genistein-exposed male off-
spring continued on the genistein dosed 5K96 diet,
and the other half of the genistein-exposed male
offspring were transferred to the standard 5K96
diet (a genistein free diet) for the duration of the
study (27). All genistein-free males continued on
the genistein-free diet. At 70 days of age, male rats
were anesthetized with halothane (1:3 in mineral
oil), blood samples were collected from the retro-
orbital sinus, animals were killed with an overdose
of ketamine, and thymuses and spleens were col-
lected and weighed. Splenic and thymic lympho-
cytes were isolated as described below.

Each experimental group consisted of 6–12
animals from four litters per treatment group (n � 12
litters total). Only 1–3 animals per litter were in-
cluded in each experimental group to reduce litter
effects (32). From this data set, data on genistein
consumption by dams and offspring as well as
male offspring reproductive physiology and be-
havior were collected and are presented elsewhere
(33). At birth the number of pups per litter, sex ra-
tio, and pup birth weight were not affected by
genistein exposure. Dams on the high genistein
diet consumed approximately 7 mg of genistein per
day during pregnancy and approximately 18 mg of
genistein per day during lactation. Dams on the
low genistein diet consumed about 0.13 mg of
genistein per day during pregnancy and about 
0.28 mg of genistein per day during lactation. For a
300-g rat that consumed 25 g of food per day, these
doses of genistein are comparable to consuming
0.42 mg/kg/day and 25 mg/kg/day for the low and
high genistein diets, respectively. These quantities
correspond with reported genistein, or other
isoflavonoid, consumption in Western and Asian
diets, respectively (23,34).

Lymphocyte Isolation

Thymus and spleen tissues were each placed in the
well of a 6-well plate with 3 ml of sterile RPMI-
1640 medium (Mediatech Cellgro, Herndon, VA,
USA), and lymphocytes were recovered by grinding
the whole organ through a cell strainer (BD Falcon,
Franklin Lakes, NJ, USA). Red blood cells (RBC)
were lysed with RBC lysis buffer and cells were
washed twice with phosphate-buffered saline
(PBS). Lymphocytes were resuspended in PBS and
lymphocyte counts and viability were determined
using trypan blue exclusion (Sigma Chemicals,
St. Louis, MO, USA).

Fluorescence-Activated Cell Sorting

Viable cells from the spleen and thymus were ad-
justed to 1 � 106 cells/ml, washed twice with flu-
orescence-activated cell sorting (FACS) buffer, and
stained with fluorescein isothiocyanate-conjugated
mouse anti-rat CD4, phycoerythrin (PE)-conjugated
mouse anti-rat CD8, or PE-conjugated mouse anti-
rat CD45R (BD Pharmingen, San Diego, CA, USA).
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Fig. 1. Mean (�SEM) relative (A) spleen and (B) thymus
masses (mg/g of body mass) from male offspring exposed
to no (n � 6), low (n � 12), or high (n � 12) genistein diets.
An asterisks (*) indicates that males exposed to the high 
genistein diet have greater masses than male exposed to the
genistein-free diet (p � 0.05).

Results
Thymus Mass Is Increased by Exposure to Genistein

Adult body mass was similar among male rats ex-
posed to the high genistein (383 � 14 g), low genis-
tein (393 � 8 g), and genistein-free (411 � 14 g) diets
(p � 0.05). Relative spleen masses did not differ
among males exposed to no, low, or high genistein
diets (p � 0.05; Fig. 1A). Relative thymus masses
were heavier among males exposed to the high
genistein diet compared with males exposed to
the genistein-free or low genistein diets (F (2,27) �
4.97, p � 0.05; Fig. 1B).

Subpopulations of T Cells Are Increased 
by Exposure to Genistein

Using the total lymphocyte population for each or-
gan, percentages of splenic CD4� T cells did not dif-
fer among males exposed to no, low, or high genis-
tein diets (p � 0.05; Table 1). The proportion of

CD8� T cells in the spleen was significantly higher
among males exposed to the high genistein diet than
among males exposed to no genistein (F (2,27) �
3.35, p � 0.05; Table 1). The total number of T cells
in the spleen (percentages of CD4� plus percentages
of CD8� T cells) was significantly higher in males
exposed to genistein (both high and low doses) than
in males not exposed to genistein (F (2,27) � 5.69,
p � 0.05; Table 1). The percentage of B cells in the
spleen was not affected by exposure to genistein
(p � 0.05; Table 1).

In the thymus, percentages of CD4�CD8� and
CD4�CD8� T cells were not affected by exposure to
genistein (p � 0.05; Table 1). Percentages of double-
positive CD4�CD8� T cells in the thymus were sig-
nificantly higher, whereas percentages of double-
negative CD4�CD8� T cells in the thymus were
significantly lower among males exposed to the
genistein diets compared with males not exposed to
genistein (F (2,27) � 3.47, p � 0.05, F (2,27) � 4.44,
p � 0.05, respectively; Table 1).

Cytokine Concentrations Are Not Affected 
by Genistein Exposure

Synthesis of IL-4 by splenocytes and thymocytes
did not differ among males exposed to no (spleen:
12.1 � 2.0 pg/ml; thymus: 11.4 � 1.9 pg/ml), low
(spleen: 14.1 � 1.7 pg/ml; thymus: 10.5 � 0.8 pg/ml),
or high (spleen: 12.3 � 1.1 pg/ml; thymus: 10.2 �
0.6 pg/ml) genistein diets (p � 0.05 in each case).
Splenic and thymic production of IFN-� was mar-
ginally higher in males exposed to the low and high
genistein diets compared with males that received no
genistein (F (2,27) � 2.52, p � 0.09 and F (2,27) �
2.76, p � 0.08, respectively; Figs. 2A and 2B).

Testosterone Concentrations Are Reduced 
by Genistein Exposure

Testosterone concentrations were significantly lower
among males exposed to the low and high genistein
diets as compared with males that received no genis-
tein (F (2,27) � 4.93, p � 0.05; Fig. 3). Males with
lower testosterone concentrations had higher per-
centages of double-positive CD4�CD8� T cells in
the thymus than males with higher testosterone con-
centrations (r � �0.42, p � 0.05). In contrast, males
with lower testosterone concentrations had lower
percentages of CD4�CD8� (r � 0.37, p � 0.05) and
double-negative CD4�CD8� (r � 0.36, p � 0.05)
T cells in the thymus than males with higher testos-
terone concentrations. There were no correlations
among testosterone and organ masses, percentages
of lymphocyte subpopulations in the spleen, or
cytokine concentrations (p � 0.05 in each case).

Discussion
Although the effects of endogenous estrogens on im-
mune function are well established, few studies have
examined the hormonal effects of plant-derived
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had larger thymus glands than males not exposed
to genistein.

In the present study, the enlarged thymus glands
and increased percentage of double-positive CD4�

CD8� T cells in the thymuses of males exposed to
dietary genistein may be indicative of the suppressive
effects of genistein on testosterone. Although per-
centages of CD4�CD8� T cells in the thymus were
negatively correlated with testosterone concentrations,
when CD4�CD8� (double stained) cells were exam-
ined, males with lower testosterone concentrations
had lower cell counts. Studies examining the effects
of genistein on immune function in castrated and in-
tact males and females are required to determine
whether genistein affects immune function directly or
via changes in testosterone concentrations.

Genistein administered to adult gonadectomized
male and female mice decreases numbers of CD4�

CD8� and CD4�CD8� thymocytes (22). If estrogen
receptors (both � and �) are blocked using fulvestrant,
then the effects of genistein on the immune system are
only partially reversed, illustrating that genistein 
can affect the immune system through sex steroid-
independent mechanisms (22). Whether genistein af-
fects the affinity or distribution of sex steroid recep-
tors, including androgen receptors or steroid receptor
coactivators (39) in immune cells should be examined.

The increased number of double-positive T cells
(immature thymocytes) in genistein-exposed males
may be beneficial because, following selection
processes in the thymus, these cells mature into
either CD4� or CD8� T cells and migrate to secondary
lymphoid organs, such as the spleen. Although
exposure to genistein had no effect on the numbers
of B cells or CD4� T cells, genistein significantly in-
creased the number of CD8� splenocytes. B-cells,

Table 1. Mean percentage (�SEM) of lymphocyte subpopulations in spleen and thymic tissue from male rats
exposed to no (0 mg/kg feed; n � 6), low (5 mg/kg feed; n � 12), or high (300 mg/kg feed; n � 12) genistein diets

Genistein (mg/kg of diet)

0 5 300

Spleen
CD4� T cells 22.54 � 0.73 24.23 � 0.79 25.37 � 0.62
CD8� T cells 19.38 � 1.96 22.87 � 0.78 23.44 � 0.80*
Total T cells‡ 41.92 � 2.21 47.10 � 1.13* 48.81 � 1.01*
CD45R B cells 50.22 � 1.05 50.43 � 1.51 47.16 � 1.45

Thymus
CD�CD8� T cells 10.52 � 3.58 4.281 � 0.910* 4.083 � 0.82*
CD�CD8� T cells 7.478 � 1.830 5.287 � 0.380 5.383 � 0.230
CD�CD8� T cells 6.363 � 1.730 5.038 � 0.430 5.642 � 0.420
CD�CD8� T cells 75.63 � 7.02 85.13 � 0.81* 84.82 � 0.69*

Data represent the percentage of lymphocytes expressing the various cell surface markers. For each dependent measure, an asterisks (*)
indicates that males exposed to genistein are significantly different from genistein-free males based on a one-way ANOVA, p � 0.05.
‡ Total T cells in the spleen � the percentage of CD4� T cells� the percentage of CD8� T cells.

estrogens on the immune system. Additionally, the
effects of phytoestrogen exposure on immune func-
tion may differ depending on whether animals are
exposed as infants or as adults (11). In the present
study, extending genistein exposure past weaning
had no additional effect over perinatal exposure alone
on endocrine or immune responses in adulthood.
Males exposed to genistein early during development
had heavier thymus masses, a higher percentage of
CD8� T cells in the spleen, more total T cells in the
spleen, a reduced percentage of CD4�CD8� thymo-
cytes, more double-positive CD4�CD8� T cells in the
thymus, and marginally higher concentrations of
IFN-� in both the spleen and thymus than genistein-
free males. Males exposed to genistein also had lower
testosterone concentrations than males not exposed to
genistein. Thus, these data illustrate that exposure to
genistein during the sensitive period of sex differen-
tiation affects both the endocrine and immune sys-
tems of males.

Testosterone concentrations were lower among
males exposed to genistein. Males with lower
testosterone concentrations had higher CD4�CD8�

T-cell numbers than males with higher testosterone
concentrations. Generally, testosterone is considered
immunosuppressive and is thought to underlie in-
creased infection rates and reduced susceptibility
to autoimmune diseases in males compared with
females (1,2,36). Castrated male rodents, male ro-
dents that possess defective androgen receptors
(i.e., the testicular feminization mouse model
[Tfm]), and male rodents that do not produce sex
steroids (i.e., hypogonadal mice) have enlarged
thymus glands and elevated B cell production
(36–38). Similar to males with gonadal dysfunc-
tional, males exposed to the high dose of genistein
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with the help of CD4� T cells, produce antibodies
and form the cornerstone of humoral immunity. The
data from the present study suggest that humoral
immunity may not be affected by early genistein
exposure in males. Because changes in numbers of
immune cells do not necessarily equate with func-
tional differences, future studies should examine the
effects of early genistein exposure on antibody re-
sponses to microbial (infectious) and self- (autoim-
mune) antigens.

To date, the effects of phytoestrogens on cytokine
production and release have not been reported.
Helper T cells are functionally and phenotypically
heterogeneous and can be differentiated based on
the cytokines they release. In the present study, 
although the overall percentage of helper (CD4�)
T cells was not altered by genistein, genistein-
exposed males had marginally higher IFN-� con-
centrations (a Th1 response) than males not exposed
to genistein. IL-4 concentrations (a Th2 response)
did not differ between males exposed to genistein
and those not exposed. Dietary genistein exposure
increased the proportion of cytotoxic (CD8�) T cells
and the overall percentage of total T cells in the

spleen suggesting that cell-mediated immunity is
enhanced by perinatal genistein exposure. Because
cell-mediated immune responses are instrumen-
tal for fighting infection and suppressing tumor
growth, these data imply that exposure to genistein
may reduce susceptibility to certain diseases. In con-
trast to our study, adult exposure to genistein in go-
nadectomized mice reduces the proportion of CD4�

T cells in both the thymus and spleen as well as the
percentage of CD8� splenocytes (22). Thus, phytoe-
strogens may exert differential effects depending on
gonadal status and the timing of exposure.

In the present study, extending genistein ex-
posure past weaning did not affect organ masses,
lymphocyte subpopulations (percentages of the total
lymphocyte population), cytokine production, or hor-
mone concentrations. These data suggest that adult
exposure to genistein is not required to permanently
alter endocrine or immune responses in males. The
critical period of exposure to genistein appears to
occur during prenatal and neonatal development.
These data are reminiscent of the effects of neonatal
exposure to sex steroids on play behavior in rodents
(40) and suggest that early exposure to genistein
may have organizational effects on the endocrine
and immune systems later in life.

To determine the overall impact of genistein on
physiology, examination of the effects of endocrine
disrupters on multiple biological systems is re-
quired. Although perinatal exposure to genistein
appears to have beneficial effects on the immune
system, studies conducted by our laboratory and
others reveal that perinatal exposure to phytoestro-
gens has detrimental effects on reproductive physi-
ology and behavior in male offspring (10–13,24,
33,41). In addition to lower testosterone concen-
trations, males exposed to genistein perinatally
have reduced anogenital distance, delayed puber-
tal development, and reduced mating behavior as

Fig. 2. Con A-stimulated mean (�SEM) concentrations of
IFN-� (ng/ml) from (A) splenocytes and (B) thymocytes 
collected from males exposed to no (n � 6), low (n � 12), or
high (n � 12) genistein diets.

Fig. 3. Mean (�SEM) plasma concentrations of testosterone
(ng/ml) from male rats exposed to no (n � 6), low (n � 12),
or high (n � 12) genistein diets. An asterisks (*) indicates that
males exposed to both the high and low genistein diets have
lower testosterone concentrations than males exposed to the
genistein-free diet (p � 0.05).
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adults (i.e., ejaculations) compared with males not
exposed to genistein (33). Because testosterone sup-
ports male-typic reproductive development and 
behavior and suppresses immune function, we hy-
pothesize that suppression of testosterone underlies
the demasculinizing effects of genistein on both the
reproductive and immune systems. Future studies
should continue to examine the effects of genistein
on the dynamic relationship that exists among hor-
mones, reproduction, and immune function in both
males and females.

In summary, the data from the present study il-
lustrate that exposure to phytoestrogens during
early development has lasting effects on the en-
docrine and immune systems of male offspring. In
the present study, the effects of genistein were more
pronounced on cell-mediated than on humoral 
immune responses. Soy proteins are immunomodu-
latory and their effects during pregnancy or lactation
require additional investigation. Presumably, en-
hanced immune responses may underlie some of the
beneficial health-related outcomes associated with
phytoestrogen consumption, including decreased in-
cidences of breast and prostate cancer (42). Whether
perinatal exposure to phytoestrogens affects suscep-
tibility to diseases caused by infectious pathogens or
autoimmune disorders requires investigation (42).
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